A minor groove binder (MGB) derivative (N-3-carbamoyl-1,2-dihydro-3H-pyrrolo [3,2-e] 
Communicated by Robert L. Letsinger, Northwestern University, Evanston, IL, December 26, 1995 ABSTRACT A minor groove binder (MGB) derivative (N-3-carbamoyl-1,2-dihydro-3H-pyrrolo [3,2- (9) , "peptide nucleic acids" (10), C-5-propynyl-containing ODNs (11), 2'-O-methyl-ODNs (12) , and N3'-P5'-phosphoramidate ODNs (13) .
ODNs conjugated to a minor groove binder (MGB) represent another way to form stabilized hybrids with long singlestranded DNA or RNA. Netropsin and distamycin are two well-characterized MGB agents (14) . These crescent-shaped peptides bind isohelically to the minor groove of A+T-rich double-stranded DNA with association constants orders of magnitude greater than those exhibited by simple intercalating agents (i.e., 107-109 M-1 versus 104-106 M-1) (15, 16) . CC-1065 is another MGB which binds to and alkylates DNA in the minor groove, and it exhibits potent antitumor and antibiotic activity (17, 18 .
MATERIALS AND METHODS
Oligonucleotides. DNA synthesis was performed on a Pharmacia automatic synthesizer. For the preparation of ODNs with a 3'-hexanol phosphate modification, synthesis was carried out using a derivatized controlled-pore glass (CPG) support as described (21) . For preparation of ODNs with a 5' acridine group, 2-cyanoethyl-[5-(9-acridinyl)-l-pentyl]-N,Ndiisopropylphosphoramidite was added to the 5' end of the ODN in the last automated cycle. The phosphorothioate ODN was prepared by substituting Beaucage reagent for iodine in the oxidation steps. CDPI3 was conjugated to 5'-or 3'-aminotailed ODNs as described by Lukhtanov et al. (20) modified ODNs tested (see Table 1 ). We conclude that DNA synthesis was arrested only when a blocking downstream hybrid of sufficient stability was formed by a CDPI3-ODN conjugate.
The sites at which CDPI3-ODN16a, blocked primer extension were mapped to base-pair resolution by comparison with a ddNTP sequencing ladder (Fig. 2B) , and CDPI3-ODN8 (lanes 6, 9, and 10) . Since a 3'-capped version of the CDPI3-ODN8 was not tested, it is unknown whether the blocking activity of this ODN is contingent upon it's also acting as a primer. Of the two mismatched 16-mers, the CDPI3-(ml4)ODNi6a was the better inhibitor. This observation correlates with the differential stability of the hybrids (67°C versus 62°C; see Table 1 ) and indicates that a mismatch is more perturbing when it interferes with the binding of the tethered CDPI3 moiety to the hybrid. Capped versions of these same ODNs were less inhibitory (lanes 5 and 8) , suggesting to us that primer extension may have stabilized the mismatched hybrids.
CDPI3-(m14)ODNi6a
Inhibition of primer extension did not require a preannealing step. When blocking ODNs were added at the same time as Sequenase, DNA synthesis was inhibited in a concentrationdependent manner (Fig. 4) Table 1 ).
The location of the primary termination site for DNA synthesis can be explained by a simple structural model. NMR analysis has shown that bound CC-1065 spans [5] [6] bp in the minor groove of DNA (26) . By analogy, a conjugated CDPI3 group probably occupies a similar length of minor groove, with the region of interaction displaced 1-2 bp away from the site of conjugation. Fine mapping of the primary termination site induced by CDPI3-ODNi6a showed that synthesis was arrested opposite the third base of the blocking ODN. This coincides with the predicted location of the C terminus of the tethered CDPI3 and suggests that the MGB directly inhibited movement of the enzyme's catalytic site by preventing strand displacement. Following alkylation of double-stranded DNA, CC-1065 is believed to block DNA synthesis (27) . The mechanism of blockage may be similar to that shown here for CDPI3-ODNI6a.
The hybridization properties of ODN=CDPI3 conjugates warrant their further evaluation as diagnostic probes and as potential PCR clamping agents (28) . The ability of the CDPI3-ODN conjugates to block primer extension also suggests that these agents might have therapeutic applications. Others (29) (30) (31) (32) 
